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Abstract 
The paper describes the design of robust control algorithms for the vector oriented control of 
an induction motor using the state variable aggregation method. The advantage of these control algo-
rithms is their high robustness and simplicity. The control algorithms were designed for the MIMO 
(three-input/three-output) non-linear mathematical model of an induction motor in an orthogonal 
coordinate system synchronously rotating with a reference frame. The designed control algorithms 
were verified by computer simulation in the program MATLAB – Simulink. 
Abstrakt 
Příspěvek popisuje návrh robustních algoritmů řízení pro vektorově orientované řízení asyn-
chronního motoru pomocí metody agregace stavových proměnných. Její výhodou je vysoká robust-
nost a jednoduchost. Algoritmy řízení byly navrženy pro trojrozměrový (tři vstupy/tři výstupy) 
nelineární matematický model asynchronního motoru V pravoúhlém souřadném systému rotujícím 
synchronně S prostorovým vektorem statorového proudu. Navržené algoritmy řízení byly ověřeny 
počítačovou simulací V programu MATLAB – Simulink. 
1  INTRODUCTION 
The paper deals with a design of robust control algorithms, which operates in sliding modes 
using a non-linear control synthesis called the state variable aggregation method. This method allows 
the design of the non-robust control (knowledge of the mathematical model of controlled subsystem 
and disturbances is required), the robust control with a high gain and the robust sliding mode control 
(SMC) as well [5, 6, 10]. The vector-field oriented control is achieved by adjusting the magnitude 
and angular frequency of rotor flux linkage [1 - 3, 8, 9]. It means that the rotor flux linkage must be 
adjusted synchronously with the reference frame and the magnitude must be controlled by stator 
currents on a constant value [3]. Control variables are the reference frame angular velocity and com-
ponents of the stator current vector. State variables are the rotor angular velocity and components of 
the pseudocurrent vector. 
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2  MATHEMATICAL MODEL OF INDUCTION MOTOR 
An induction motor is a generally complex non-linear subsystem, which can be described in 
orthogonal coordinate system d,q synchronously rotating with the reference frame by the following 
equations [3]: 
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flux linkage equations 
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where us is the stator voltage vector [V], ur – the rotor voltage vector (for squirrel cage rotor ur = 0) 
[V], is – the stator current vector [A], ir – the rotor current vector [A], s – the stator flux linkage 
vector [Wb], r – the rotor flux linkage vector [Wb], Rs – the stator resistance [Ω], Rr – the rotor 
resistance [Ω], Ls – the stator self inductance [H], Ls – the rotor self inductance [H], Lm – the mutual 
inductance [H], p – the number of poles [-], Im – the imaginary number, *– the complex conjugate, s 
– the reference frame angular velocity [rad·s-1],sk – the slip angular velocity [rad·s
-1]. 
 
When the stator current is explicitly known, it is evident that only the rotor circuit voltage 
equations are required to describe the dynamic behavior of the electrical part of the induction motor. 
Then the stator current can be considered as a control input to the rotor circuit. If we substitute (4) 
into (2), we get 
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In order to avoid difficulties, we could define pseudocurrent variables corresponding to the ro-
tor flux linkage by [3] 
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From the relations (4) and (7), we obtain 
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After substitution (8) into (6) and further their modification we obtain 
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In according with the pseudocurrent defined in (7), the electromagnetic torque me is obtained 
from (5) 
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The dynamic behavior of the induction motor can be described by the torque equation 
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where mz is the load torque [N·m], J – the total inertia [kg·m
2], B – the dumping factor [kg·s-1], me – 
the motor torque [N·m], r – the rotor angular velocity[rad·s
-1]. 
After substitution (10) into (11) and itemizing of (9) in the component form we obtain [3] 
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The equations (12) represent the 3rd order mathematical model of the induction motor. That 
mathematical model has three input variables - s, isd, isq and three output variables - r, imd, imq. It 
should be noted that the above description is related to orthogonal coordinate system d,q synchro-
nously rotating with a reference frame. 
After substitution  
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we obtain the mathematical model of the induction motor in the standard form [10] 
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where T is the transposition symbol. 
 
3  DESIGN OF ROBUST CONTROL 
Because the model of the induction motor (14) is in the standard form, we can use the state 
variables aggregation method directly [10] for the design of a robust control. 
On the basis of the state variable aggregation method the optimal feedback control 
    vw ,11 xfxeTxBu      (15) 
can be obtained, which minimizes the following quadratic objective functional 
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The optimal feedback control (15) causes the optimal closed-loop control system 
0
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where T is the diagonal matrix of positive time constants, e – the error vector. 
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The approximate optimal control can be obtained on the basis of the formula [10] 
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where  is the diagonal matrix of gains, u0 – initial control. 
 
The relation (19) expresses the robust control algorithm with high gain and it can be written in 
the form [10] 
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The robust control with high gain has a negative feature consisting in the high values of ele-
ments of the diagonal matrix , which can cause high unacceptable values of the control variables. It 
can be a negative influence for the control system stability [5, 6, 10]. This can be avoided by adding 
non-linear function sgn into control algorithm in accordance with the following scheme [10] 
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where sgn is the sign function, mju  - marginal values of control variables. 
The robust control algorithm designed for the induction motor (14) from Chapter 2 in compo-
nent form is 
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The robust control algorithm with a sign function is characterized by the high activity of the 
control, which could be undesirable in some cases. To avoid the high activity of the control the sgn 
function can be replaced by the continuous fce function, because the approximate equality 
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holds, where  is the small positive number, see Fig. 1. 
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Fig. 1 Plot of fce function ( = 0.7). 
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The fce function is very similar to the hyperbolic tangent function, which is used very often in 
sliding mode control, but the fce function is much easier for the computing than the hyperbolic tan-
gent function. 
4  SIMULATION VERIFICATION 
The designed control algorithms were verified by the computer simulation in the program 
MATLAB – Simulink. The model parameters of the induction motor: 2p ,    2842.2sR , 
  2878.2rR , 
2mkg 0179.0 J , mH 3.28sL , mH 8.28rL , mH 8.86mL . The parameters of 
the control algorithm were chosen: s 5.01 T , s 02.032 TT . 
The rotor angular velocity ωw was defined in the signal builder block as a variable required 
course (solid line in Figs 2a and 3a), the required values of current components were set 
A10 mdi and A0 mqi . 
Figs 2a and 3a show that the shapes of real and required revolutions are close, though the 
model of the induction motor is not known. The robust control algorithm well removes the influence 
of disturbances as well. By comparing of Figs 1b,d,f and 2b,d,f it is obvious, that the second designed 
control algorithm is characterized by the lower activity of the control variables. The activity of 
a control algorithm generally depends on the value of  (for  = 0 fce = sgn). 
5  CONCLUSIONS 
The contribution presents the possibility of using the robust control algorithm working in 
a sliding mode in the vector oriented control of the induction motor. There are described and com-
pared two modifications of robust control algorithms: discontinuous (with sgn function) and with 
continuous substitutions derived from a sign function. All designed algorithms were verified by com-
puter simulation using the simulation program MATLAB-Simulink. 
 
This work was supported by research project GACR No 102/09/0894. 
REFERENCES 
[1] KOLÁČNÝ, J. Elektrické pohony. VUT V Brně, Katedra elektrotechniky a komunikačních 
technologií, 2003 
[2] MARINO, R., TOMEI, P. & VERRELLI, C. M. Induction Motor Control Design. Springer-
Verlag, London, 2010, 349 p., ISBN 978-1-84996-283-4 
[3] MURATA, T., TSUCHIYA, T. & TAKEDA, I. Vector Control for Induction Machine on the 
Application of Optimal Control Theory. IEEE Trans. Ind. Electron. Vol. 37, No 4, 1990, pp. 
283-290. 
[4] NOSKIEVIČ, P. Modelování a identifikace systémů. Montanex a.s., Ostrava, 1999, 276 s., 
ISBN 80-7225-030-2 
[5] UTKIN, V. Sliding Modes in Control and Optimization. Spriger-Verlag, Berlin, 1992, 296 p., 
ISBN 3-540-53516-0 
[6] UTKIN, V., GULDNER, J. & SHI, J. Sliding Mode Control in Electromechanical Systems. 
Taylor & Francis, London, 1999, 325 p., ISBN 0-7484-0116-4 
[7] VITTEK, J. & DODDS, S. J. Forced Dynamics Control of Electric Drives. EDIS-Žilina Uni-
versity Publisher, 2003, 235 p., ISBN 80-8070-087-7 
[8] WACH, P. Dynamics and Control of Electric Drives. Springer-Verlag, Berlin, 2011, 454 p., 
ISBN 978-3-642-20221-6 
[9] ZBORAY, L. & ĎUROVSKÝ, F. Stavové riadenie elektrických pohonov. Košice, študijný 
materiál pre špecializovaný kurz „Microcomputer Controlled Electrical Drives in Industrial 
Automation”, TU V Košiciach, 1996 
[10] ZÍTEK, P. & VÍTEČEK, A. Návrh řízení podsystémů se zpožděními a nelinearitami. Vyda-
vatelství ČVUT, Praha, 1999, 165 s., ISBN 80-01-01939-X 
 
54 
0 0.5 1 1.5 2
-1000
-500
0
500
1000
1500
a) Required revolutions 
w
 , real revolutions 
r
 (---) and load torque m
e
 x100 (-.-)
t [s]

r,
 
w
 [
1
/m
in
];
 m
e
 [
N
.m
]
0 0.5 1 1.5 2
0
5
10
15
c) Current i
md
t [s]
i 
[A
]
0 0.5 1 1.5 2
-30
-20
-10
0
10
20
e) Current i
mq
t [s]
i 
[A
]
0 0.5 1 1.5 2
-500
0
500
b) Revolutions 
s
 - control variable
t [s]

s
 [
1
/m
in
]
0 0.5 1 1.5 2
-20
-15
-10
-5
0
5
10
15
20
d) Current i
sd
 - control variable
t [s]
i 
[A
]
0 0.5 1 1.5 2
-20
-15
-10
-5
0
5
10
15
20
f) Current i
sq
 - control variable
t [s]
i 
[A
]
 
Fig. 2 Simulation results for a robust control algorithm with sgn function. 
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Fig. 3 Simulation results for a robust control algorithm with fce function. 
56 
 
 
